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AIMTRACT

A quiinlit,ilivc’ compriwm of mulliplr-plmlnn absorption (WA) and

di~~ocitition (W)) h;IH hwn prrfor-mrd fnr cxporirnrntm with a numbrr of
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AL sufficiently low flurncr, this in~crucliriu ran IJP desrrihrd in Lcrms of

an effrr Livt’ Lwo-lrvrl sy~lm. Aw thr flurncr incrm~es from zero, the

rrrms gection is a constant u up to a flurnrw value *
o

at which point
H’

-v
(Y(O) decreatics as dB . For a strirl two-]rvrl MynLrm, u = 1. Physically,

il -

nn ,

Ill k-l . I 1“1)111ilill~ I hl’



coupled to the intoractin~ mLat~s o

intramodal V-V’ trtinHfrr prcm~srk.
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thrr by collisionnl or colllsionless

Referenrr 1 givrs nn approximate solution Ln LIIC differr?n~ial equalions

that desrribr optical anil rolli~ional transitions amonR LIIF four lc+ml~ of

the ■odrl (two ahsorlmr levrl~ and two rrs~rvi}ir lPvrlH). TIM’ rpfiull~ of

this analyais Rivm

(1)

.: [.:. ‘J) ,
=(lti ll-rxl)(.l:: ,

r
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level equilibration time (usually taken ag rotational relaxation time). If

the pres~ure is sufficiently high, thl~ value oi <f> exc~miti d fifr due to

collisional coupling of the absorber and reservoir lrvels. A morr general

form for <f:’ is given in Rrf. 1.

Cast in thifi general form, Lhr optical interaction in a coupled two-

level system can hr described in terms of two paramrtrrs, a fluence para-

❑eter no@/<f> and tk effective fracLion of states that int?rarL with the

radiation field <f>. All eff~cts duc Lo collision~ (T), intramol~clllar

V-V’ coupling (T), lanrr pulsr duraLion (Tp), ga~ temperature (fi, fr, T],

pres~urt’ (T), and lawr spcrtrnl bundwidth (fr) can hu rrgardrd in first

approxim~tion aH Mlfecting tlw effrrlive frartinn of ah~orhrr mu]c’cult”s <f-

LhiIt ca.i hr couplml Lo thr radiaLion field.

For multi]}lc-photon rx(”it:il ion, wr cun~idrr n~ all :tnKaLz thr int~r-

uclion in 1111’ firnrr:il funrl ion II I“orrn.

I)iltil f(ll” St(,, 101” l’XiUllll

Lllr Lwn-lrvrl rI*Hull i~

out in llri’. 1 , ;I norm:ll

(4)

o J 0.1 (l,, (u,,),tl
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terms of th~ functional dependence. AILhouRh there is some scatter in Lh(’

data at high flurncr, the N113 fluen:.c bphavior is not inconsistent with Llic

2/3 Rlope ihiiL is obsrrved for HPA in othrr polyatomic molecules. The

addition:ll paramrter thut rhiiracterizes this interaction i~ the effectivr

frartio~l of tlw! molecular population that inLrracts with Lhr r.diation

field <f>. A comprison of N}13 wiLh other polyatomic molccu]eb indicatc~

%
aL <f> WI , which aman~ phy~ically that all of the population of thr villril-

tional gruund staLP i~ Interacting wiLh thr optical field. This i% iilIJo

COI’MiHl.CIlt WjLh lhf facl thnt q iM illdepmldrnt of pr~!+surr.

At low flu[wwv, thl’ frarl ion of molecular Popilliiliol] Llwt is dir~’rllv

Hcrrsmvl hy lhr oplirml firld f i~ rlrlrrminod primiiri Iy hy the llOltZlllilllll
r

thcrmill population of thr .J ~ 6, k = O, 1 rolaLion;iI lrvrls iind Lhc

Lorrntzia[l Iinor;h;lpr I“ilrlorti. Tg,i” frilrtit)ll i$ mllrll ~m:lllr:m Ll)flfl Illlity.

~llrin~ Lhr opt iciil pu]Kf’ T rol I ision-il)dll(.rtl roliilion:ll F[lui lillrilti~lll
p ‘

wil I rouIIlt* LhrKC- lf*VC’l~ LO ;111 othc’r rOtilLlllllill ICmVt’lti in Lhv mnnill,l 1,

III rlrd~”r lhnt <I> ~1 iInd r] In” indc’p(’ndw]t 01 prr%~ilrf’, lhI’ rol:lti(mill oilui-

briltioll Limr, r rnuxl hnl ifily lh’ condit ion tllill I 1 /1 ‘1. (t”f. l’hl.2)
r’ ~llr

Hrilsllrrmf ’111+1[II Lhr ol]l il.:11 drldhl~lng 1 imr ;Ind Lhr IIOIIIII;I1 ion ~lrlmily t iml’

Inr Nil., I\iivf* hrt’11 riqmrtd Ior 11111111111’ Hrouml ilnd t’xt. ilfwl Vi l}I”:lli(~llill

#ltilll’F. ‘hW’ ml’ii~llrt’mvntx indit”.llu lhiil T ,. miiy b iilllll~lil lt~llNly HllIIrt illlll

in tht~ r:l[lxr III [).(]’l-[).z III tilt’ ~ilti-killrl il. V#IIIII~ [ 12’I llfi-t!lr~) . n:; lllg ,1

VillllC’ 1}1 [).1, I 2 IIF+ ;It ‘}-t,lrl’ ]11’I’HKIII”I’, II I ~ 2(10 11:: , I ,. ; (1,(’)1 Ill
r: ,, %

Hill Itily 1111”rrliui rrtl [.rilrri:i ,

mm 11111101iiln:ll dfIpVIIllPIIIIJ III ill ● 1 lIIICIII” I~-111-l}ICIIilI.111 iillsllr:lt itm ~11 Nll
I

i~ ~“11~11’~1~’lt’l’i:~i1~” 01 HI’A Iu ii l;lr~t’ ,Iuml)vr III I}tlly.llllmi!” m~llrrulrs. ‘“,:

I* :Ionn”wh.11 HII Ilrixin}; lriun IIIv vit’wi~llilll Ill lht. I“IIrrIJIIl lh~ulrrl 1{-;11 mt’1!I-

ullisln:: pl”oplnw’d illl rl~’K, Ill Nlll lhr llml:~ity ill ::lntv:i i:; ICIW :Iml IIUI
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anharmonicities arc large; consequently, a compensation of thr anhar-

❑onicity by power broadening would only occur at high optical intensities.

Because ~f the specific excitation frequency selertsd, multistep resol . re~

such as the P-Q-R rotational compensation should also k unimportant.

The invariance of the functional dependence of the WA over such a largt-

preasurc range is also of interest. We will return to Lhew? puillLu

laLrr.

Thu fact that highrr fluenre~ are required for MPE (and prohahly MPIJJ

in N!l. than in otlwr polyatomic molecules may be due to the weak absnrhin~
J

‘1 5 x IL-:?o 2
ftaturr I)ring acce~~rd by thr optical field ((JO * cm ) r.ithrr

than any particular rlliirilcterintic of the molrculd. This followu dirrcily

from thr data shown in Fig. 4,

Thr coupled tw.~-lrvcl m~~dcl and lhr ~~.nrrnl fmctional form of Lhr MPA

med~urlwwnlx Hhown in Fig. 3 lPilflti 1.CJU munbvr 01 implirillions tllilt Cilll 111’

l’VillllilL(S(l clircctly, In pHrLirultir, iL i~ of intorosl LrI rxplorr lli~~ fullt”-

: ional r~l.atinn~hip~ of gas pr~ssllrr P, Ililllllh’i(llll LIf till’ ovtir;ll HINlrrc* A,

lc~mpnr,il ]III]HCS ~llii])(~ T ,nnd Lhi’ drl)l’11(11’111.t~(Ill (qlt i Cil I i ! 11X , 111 11’.xl(”r LII
]1 ‘

~ilill phyxi(.itl in*lhhL into Lhrsr prorrfi~r~. wr runhilll*r lhr lBIIII(.L II!

q(lll) [s , I J
1/.! (Il,;llw’,
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!lOll Illill mull i]”lt’-llh,ll{lll dll:ilIrll-

phrnt)mrn.1 tllill ix 1111.11 il;ll ivf’ l:;

di I lt’rmI( IQ ; I.111 IMI rtsl,ItI” I tII
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2’3 f]uence dep:.nd~nrc is not uniqur to a HPE prorrxfi.Con~rquently the O

AL the prrscnt timr, i!. appewrs that Lhr fluenre clcpendont abiorplion is

~enerically the aaml’ for moat pulyalomir mnlrculcs and thitl Lhr 2/3 powor

dependence mity bc ch;lractcr-stir of thr PIPE prorl*~H.
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rxprwawd in thr form n 0 /<f~. Sinre rll% and .g
o l%

OodJ, /<f> .Irr fiirrcLly

])rtllhlt~ility (III LIII. frrqurn[.y willl ill 111.~ m.lli’~lll ill” illllillrllt ion Ililllll illlll 1 Ill’

di~t rillllt iilll Of vill~”,ll it)llill rfll’r~:t Within lh~m Irlllll’i”llllm. Ftll” tllili ~llll”llll!il
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